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Fish Safety and Antimicrobial Activity of
Natural Sulfur Solution on Aquatic Microorganisms
(Saprolegnia parasitica) Isolated
from Misgurnus mizolepis
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Abstract - Basic dyes such as malachite green and methylene blue have been used as disinfectants
to control water fungal infections since the 1930s. However, after succeeding reports of carcino-
genicity and bioaccumulation of the dye, their use was forbidden in lieu of public health. This
study undertook to evaluate the therapeutic effect of sulfur solution processed by effective
microorganisms (EM-PSS) against Saprolegnia parasitica infection, and its safety in fish. In vitro
antifungal evaluation of EM-PSS inhibited the growth of S. parasitica mycelia at concentrations
of 50 ppm or higher. The acute toxicity test of EM-PSS to the mud fish (Misgurnus mizolepis)
measured a no effect concentration (NOEC) at 100 ppm, the lowest effect concentration (LOEC)
at 125 ppm, and the half-lethal concentration (LCs¢) at 125 ppm in juvenile and 250 ppm in the
immature stage. In addition, the ecotoxicity test of EM-PSS using Daphnia magna inhibited
swimming of D. magna at concentrations of 100 ppm or less. Lastly, the EM-PSS prevented
infection of S. parasitica to mud fish, at concentrations of 50 ppm. Furthermore, at 100 ppm
concentration, the EM-PSS showed no acute toxicity on mud fish, nor any eco-toxic effects on D.
magnano. Therefore, we conclude that carcinogenic disinfectants such as malachite green and
methylene blue could be replaced by EM-PSS to remove S. parasitica in mud fish farming, and
might be a potential eco-friendly disinfectant in aquaculture.
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u] L2} ] (Misgurnus mizolepis)~ 7l 71 A @1 AS
SO QS A%, =58, 52 5 Ao € 9] #Et
g Gl A418t7] Agstth(Nam 2007; Kim er
al. 2011). 345, 9557, 237, =48 2 A& E¥=2

Aot e AEE Yol2 s, B2 XHETG

SeyeE EZ3AT FHROMAOL
oA ofgEo]2 FHFAFOR, M AULE 2 F
ZFoll Het wAlol ZA F7FstHEA
AlgFo 2 A 9] uletr]of gt =27t FH3 F7F FA
Atk FE3 225 A7) AT oz F4 v
A FHO Y v HeR| o] AU e Ago] AFFPstal 9l
o o]z Qlsf TSt AN B Y] o3, A 7He] 2
A5, 2B A, AW wmE WYY Ag 59 EA= vF
2HR] oFA] Akdel 2 AAA EAE fskar itk (Park er
al. 2012).
o]F9 ExFolye UdAle F2 HEIOHE (Mas-
tigomycotima)2] ‘W7 (Oomycetes), 58w (Saproleg-
niales), =AY« 1+ (Saplolegniaceae) ol &3+ #HZE, 1%
AN XE Saprolegnia parasiticaZt F0|2}F ojgte] 2 7]
Asto] 7+ steh (Diéguez-Uribeondo et al. 1994; Jee et al.
2001). A F2 20°C o313l A7)0 WA, of
Ao A B R 7T ALz & FHE A
A Felo] ZAYsto] Azt AE RHloe 8 2
TAHAE Aot SUACEE A wEo| 7hEskal, #HA
Aol FAlo] Agt Hfoll= oA Aol B LA HA
PYAE oA 7F HAE HAAIZI T (Meyer 1991). u]Ft
RS ZRE FAolFAN AL Bof 5, AE, A
& A4 T Aol A7 A 74 AE 71859 714
O, HYA 4 dd Aol 9T dFEY 5 1AH R
FAE AE ol Ho 23 e g FHEHeH, F= A4
z2) o st FAAE FAsto] AE o7 HAZA 7}
A5 o= AY A Aol W B obrt7bA] 4
dsto] ol FE HAAT o5 dstr] A= FAEA

B

of systebge] ALgo] Brhue Agolct
LeplolE Ie Eeludule JRE ggolRe 4
At A ol 7o R 7S A7l gUT anrt 9l 7t
Ao AFste] 1930 FE A A|A Y FAYANA AHEH
oJ gttt (Alderman 1985; Rushing et al. 1997; Bergwerff and
Scherpenisse 2003; Hashimoto et al. 2011). L&} 1980 g
ZHHEE AT WoleA, oAl W 3, 222 oR/E
AFE A W 54 59 FFEAHY BARHEC] Hiy
A AE o7 FAole AME-o] S A= Utk (Srivastava e
al. 2004; Myung and Kang 2005; Hashimoto et al. 2011). ~L
gu A= deprtolE TdWE Hold I+ 714 F
AYE 7H F5A<} FAl= A9 §le B oltt(Myung
and Kang 2005; Olesen et al. 2007; Pourreza et al. 2007,
Hashimoto et al. 2011; Conti et al. 2015). W2tA 34 4
Ao HeprtolE ] A A /NS Aol FAA
Fe F3EATS A 2 Al Alad FAlolth
2 AFgo] At &, 57, 7HEF T UEE A
2o anrt 9lx HYA vAEY ASE dAst: A
2 B 3%o] gtk (Kumar and Berwal 1998; Kim et al. 2001;
Seo et al. 2004). 7 vFsT} ok 2280 e THIH
713HES A AT ol A, HEL, Zeet
ojdn Z2 Ao Amofo = gl AREE o] gtk (Block
1986; Block 1992). o]& o8 717 f%5o] &&EA Y=
=TSR F-2 40| At HAES 25| el
FFS Foz ARESH] YA WAl S AAF st
AHE A, 2 b o] B7bE ojoF gt (Choi and Kim 2002;
Song et al. 2007). Lol {A {330l FYAE A 5to]
A 54k B4 @ A2 o] ol 851 slom, E
o OJoFE Ul )54 AAFOE SHS AAT WAS
o] &85 Qlth(Jung et al. 2000; Youm et al. 2000; Kim
2002; Lee et al. 2005). & Aol A= $A4F Fokoll A RA &
9] of% YA e 5, JFEORAY A b
/g, 28] u|rekz|of oigk QPR Aol Al Brkskaitt.

JERCETE

LAQRG4Y Az

AARFL AmyAloh o] AE Zuiae] shstolAl sht
oM AAE A Folste] RS 1259 48 6l
= (Raphael®; Lbiotech, Korea)= Ho|x} Q, =} 9, 3%
U 9 TaATe BN 2EstEa oad 2
Lactobacillus parafarraginis, L. paracasei subsp. tolerans,

L. harbinensis, L. buchneri, L. perolens, L. rhamnosus, L.
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vaccinostercus, Acetobacter lovaniensis, A. peroxydans,
Pichia fermentans, Candida ethanolica, Saccharomycopsis
schoenii. AAF £L 12F vE jgds I1F &
et F 30°C, 5= 35%004 96A17F A WA S 23] vhHE
TR AP =N oot vEd 2¢o= §3f
=5 &% gy 20L ol e, HAE dHRE £,
NaOH, 12]3 £& 20:22:58 H|&=2 Eg3le] AAF3
4= (effective-microorganisms-processed sulfur solution, E
PSS)E Azttt

2,915 BUA ) Lelo v

20159 7k, A Aol HAI7E wlHtEkA] Aol A
SR o g LA HE FES5S Uetl= vletA] A
AE o9 FHsH. ol 5utEE 200 mL BA H47F
Z3 1L AZERAT) ¥ 5 1A §¢ A v
Al71o] Aol BdAldeE EeEEo] Ue=S 3t
Ao Z4E BAAFSE Fsto] A vjR|o] =wdt
< wjFstatt. A7 2ol sabouraud dextrose agar
(SDA, Difco) @ potato dextrose agar (PDA, Difco)S A&
stRon, o] 5o HjY¥} AFoJAE potato dextrose broth
(PDB, Difco)®t PDAS AMEsITh erddld +AdS
complete rDNA (18S, ITS1, 5.8S, ITS2, and 28S) A|A &
NCBI BLAST (https://www.ncbi.nlm.nih.gov/blast/, USA)
Aue B9 5T H At

.45 A 9759 J29A5E A

HAE AT 22.6%F FHohes AR (Lee eral.
2013)5 A&l 78 PRBES ol &3 AT HAH
G459 A g AAls Frhe A 34 (agar
dilution)™} HAE)R] &AW (broth dilution)S &2 3= 3}
o} iR sl A9, HARFES 10, 30, 60, 100,
300, 600 L2 I 1000 ppme ZF3 PDAHIA S A 23 9,
57 25°Co| A vjoFEt S. parasitica FAHS] Atk RE S o)
g ARstA 7k FE9 {345 E§St= PDA HiA| 9
gh 7he-dlol =Eate] 5U7 wi skt HAulR] 3] A 9
A5, 71E A AR 4% AAFE vlng {5
PDAC) A7gt At A FE2 dAFS A & HAdH
S, BARSkeA, O3 22U 10, 30, 22]3L 50 ppmer
A7Fst PDB HjA|of] Ztzb Eote] Seto g FAA Q] 4%

SEELTL

4,008 Aol e AAGF4Y H2oASE AY

2 Ae2 A4 0, 25,50, 183 100 ppme H7}

3t Mueller-Hinton agaro]] B+t 2845 o]&3) 3143t 0.5
McFarland Bt=9] Al HFsto] HHujA] Ao
2 FPsigich. & Ao AHEE 283 2016 B3 o
ol AEAY vjatetr] AR FHAl AlgoA Z2 3t
Vibrio sp., Aeromonas hydrophila, A5 X2 3+ T I=0f A
et HARRE gofoll A E2I3t Yersinia ruckeri, 12|31 A4
T30 WA X oA EEH Streptococcus parauberis
s & 4%oldh.

5. 015 A14 B2

2 ol AHgE mFEkA] mAgdol (10 g AF)et A of
(G132 151 9= A Aol AT FANA 242 2015
@ 7ha3 20161 oA 5o Fuljste] ARESRth Abe e
FES oF 44 78 ARE &3 AN A FFste] 12}
2 ol 22k BETH o, 28] 3 33 Ao At A2
sto] ARgSHETH v FEA O] AR Ata WA 7 A
° 7t2 47xAE 29x%E0] 40 cm®] A SRA 15
A7F o] FoJF oW AL EE 24+ 1°CE FA|3HTh

6. 3Dl d v FA Y A

AAFZ7E vFA] oA vA= S48 S4= =4
3t7] Asf wlidojet AlofE 2= 0,25,50, 75, 100, 12
23 250 ppmo] HEE FARF+E H7betA &
Zof mlidof 15mte], x|of 200k} Wi 5UZ FA =4
TS Al AREE vlgole A" T F 3uk
A9 AEisto] opju], 7, wRE s A7+ 4
A7 10% F4 22T 1% F hematoxylin and eosin

(HE) 98 F @7stol §el22sha 248 S4shelct,

R

N e do >

AR H7ER g 49| Mzl AE =3 7|2t
593 Ald F8 F 597 i o 10~114] Afolof {3+
2 £2Y £ £E2AAT(DO), 181 pHE &

At E, ARy Ay 54 Brte d=3egd
A @A+ (KTR, Korea)oll 2J&|ste] =273 7std 1A
A|2015-8E2} OECD TG 202¢] 7tol=akele] what 423§t
Aok Al WS RS A&std, 373 9] ofn| A oA
AAFE AZ 24X 7F v|9ke] Daphnia magna neonateS AR
3ttt Hi A= OECD TG 202 3Hi o]l what 2 A9 M4 s %]
£ 135mL £ 95F FE42(65mm Hx 57 mm ¢)9
100 mL A 2Jste] ARESERL, AJE 23 85 5ot 4
AR F 239 ou] AJE T 43]9] 2 AFS vHESH
ok FF71= A 717 B2 16417 F 243} 8A 7S] 9
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Table 1. Growth inhibition of Saprolegnia parasitica and pathogenic bacteria under different concentrations of sulfur solution processed by
effective microorganisms (EM-PSS) PDA plate. The spread of fungal hypha was not observed over 60 ppm concentrations of EM-

PSS.
Pathogen Source Concentration of EM-PSS (ppm)
Fungi
0 10 30 60 100 300 600 1000
S. parasitica Mudfish +% + + — - - - -
Bacteria
0 3.06 6.13 12.5 25 50 75 100
S. parauberis Olive Flounder + + + + - - - -
A. hydrophila Mudfish + + + + + + + +
Vibrio sp. Mudfish + + + + + + + +
Y. ruckerii Carp + + + + + + + +
*; + indicates the mycelial growth of S. parasitica, **; — indicates no mycelial growth of S. parasitica
2702 FASAO A% £22 0+ 1°CE FAFAL. 5 100ppm oJ5tol A o] A=A egket.
e Ao disto] A-AZ $ 24 5 48X A3} A PDB YA uj Ao A= HHFZ 50 ppm o]/l A 4
of A & olds4 BEE AU FIAHY & At FAHA Y Aol AL IF S Al S.
A2 AERAS 7HEA AolE s, oF 1523 BE5Ho parauberis?| A A= FU FEAA o] A= Ao
=9 5L HouA FEstAY f95HA ske Al (data not shown). A -2 th=X|9F Ha e al.(2009)%=
o) B4 JFL W Ao AEANUG. AAAAE & AS GBS AL AR 13 Qs Bgole} a7 %
FA8 Aol 2T d Altol disll FHBAHS BESIHL o= & A7 4
o} v ey, TE AAGRSE 27 84 A A
23 W qa hydrophila, Y. ruckerii, Vibrio sp.2] <% 34 100 ppm]|

oz QIF wldtetA] A @R HAA v
= % v 9,1 A5k, el A Aol gk Ay Bile
A9 Q= Holw, I A E WAFojel dojat ofFofl it
Zo|th(Min et al. 1990; Jee et al. 2013; Kim et al. 2013). &
AFold= WA Fe7t AT HAd Aletoll it 4
T2 At s AL, AR v qtetA] oA
o QbR % e SOl uld 4 gt 9% 2o
o A A B2 5E AT,
FRA4T
Pt
PDA plateo]] ¥Wjo¥3t S. parasiticaS 2z} =9 HAAG3F
7k H7He PDA ujx|of] =ste] 5U7F vjeket 23t 60
ppm °]e] oA FAA S g0l A= ATk (Table
D. 94 AANA BE2E o Al 450l gt 4% A
£ ZARE AT, S. parauberis= 24X 7R 25 ppmollAl, 48
Azt o= 50 ppmof| A 7ol AAEH A2, U A] 39
M|t Vibrio sp., A. hydrophila 1811 Y. ruckeriv= A A3

X A2 B AAHF4 4% A

A A BT AT Lee and Lee (2014)= th9] #-3HS
e AR e 2529 JAEE 53] € IF 34
A, 2E] 28 ¥ AldS Z3sk= vdE 7500 sl
A gt Adak, Aol AFERE FEE0] Y ¢ Al F
o|o] AAS AAAFHOY I S Al A o
Aol gitta Baste] 2 A-ro] Autel H]akglet. o]
£ AdAC R g7t g2 F30l¢ a7 FA Al
Alzd 29 F5Agel o3t A= BZEA T AJegt 7]
Aol tisfi= F7HAQl At7F dasioh B3 2 A9
FH Bt i3t A& BI= inviro AF EHE A
g AL ZA, AA AR HE= HE517 o= FE7t L
ok ek invivo B8 AR % HE XS F7 9
o davt 9o, olF S AA AEAY anE /5T

4 9g Aol
SHEl, PDB R wjx o)A Z2ael, Hasieac) 247
AR AAGHS AT vlme A, 50 ppme) TAF

skeagel e B Aol sl A Yot 5
U FE T2UANAE FAAS A7t BEEYD
ARYSY A TEA WAL 23 FAY FY
& 529 FAH) oA BTE BYrH(Table 2). Z2AY L

rzi o
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50 ppm ©]Fol A T2 Fo o ZEE S. parasiticadl I
A7 a7 HuEEY, ol & A7 2= X
ST (Marking et al. 1994; Fitzpatrick et al. 1995; Mitchell
and Collins, 1997; Bruno and Wood 1999; Gieseker et al.
2006). Willoughby (1994)0] w2 THAFS}2 AL 25 ppmo]
A Qlofat ofzel o) 7HE A7 Aol B e

Aoz wuso] & Q7o Aot 2] YR Aol B
o e SR 23, 58, ZASE Saprolegnia
spp.¢] 2ol we} Hiph FeAL Ao A ALt Bares
etal. 1998).

4

AR5l B W TR N

83 0, 25, 50, 100, :Lab_ 125 ppme]l ek 964
34 54 A8 T8 F, vetA Y] njidojet zjoj¢]
T 9 AR 100 ppm oJstel A= HAE A T
FA gkokeh. 28y 125 ppm FEFE = FHAF TS

N
[N ()

T

of

ox & ¢

Table 2. Comparison of growth inhibition of Saprolegnia parasit-
ica in PDB medium supplemented with sulfur solution
processed by effective microorganisms (EM-PSS) and the
other treatments. The growth of fungal hypha of S. para-
sitica were inhibited at the same concentrations (50 ppm)
of formalin, hydrogen peroxide, and EM-PSS.

Concentration (ppm)
Treatment
0 10 30 50

Formalin +* + + —
Hydrogen peroxide + + + -
EM-PSS + + + -
*; + indicates the mycelial growth of S. parasitica
**; — indicates no mycelial growth of S. parasitica

(A) 20 —&— Oppm N N X

-0~ 50 ppm

~&—= 100 ppm
=0~ 125ppm
15 4 =< 250ppm

k=]
8
=l
S
=}
g 10 X
o
E
=]
=
o
2 5]
I__/C O
0 L i L |
0 24 48 72 96

Time (hr)

Hem 250 ppmol| A= 2449 ool BE JHAI7E HAFSHE
th(Fig. 1). u]/doiet 2)of BE FA 54 AFlA A Y
FE=(LOEC)= 125 ppm o2 AAE o, w]/idofef vt
SR AFEE (96hr-LCso) £ 250 ppm, X104 96hr-LCso=
125 ppme 2 AAEHUCE 220 i3t 54 )& 2AlSH
71 3l mige] ofzbu], 7k, v o] W22 shE KA
A3}, 100 ppm o8t A= ZF A7) o] tigt St o] k2 A
9 o] WA gol FFFEENOEC)Z ZHH U
(Fig. 2). o] el gt 54 AFeA = 273 100 ppm
FolA 10mkE] 9] o] ool sl 96AIZt, 30mtE o] E
ol i3l 48A17F % AEE 3g 23k, 100 ppmol A 1
opEjgto] Blg) 5 AHE 2 AL AYsta F A
AHE BE 7HX%I°11H Ao} o] FES WEEA ottt
(Lee et al. 2013). SD Ratol] that S4A 1 EA 14day-LCso
2 4000 mgkgbw ' ol4F o 24 ope| el oA B4
FEIVE(HEA, >4.000 mgkg Hol sDstgTh(Lee er
al.2013).

3.8 54 9F 34

HARZro A 54 dot 7] $Igt du] AFA] A
2% BE XFEZ(0, 10, 50, 100 ppm)ol| A} %tﬁ%fﬂ 2
A7t DojubA] QST (Lee et al. 2016). EAFL on] Al
A AR Hd) HE91 100 ppme 2 $HFH =Y, A
717 & AR 9 FANET oA Aol Lut
TESE E 5o l% & WEEHA Gk AR A 4841
100 ppmell A 9 Azl HA= B2
A ket E}H B85 = (ECso) 2 95% A= 3=
AFESkA] oottt 3, R g FE (NOEC)= $554

(B)

The number of death

Time (hr)

Fig. 1. Survival of mudfish (A) in juvenile stage and (B) in immature stage, for 96-hours acute toxicity experimental period. (A) Steady
death of juvenile mudfish was observed at 125 and 250 ppm EM-PSS. Half the individuals died at 125 ppm within 96 hours, and the
entire population died at 250 ppm within 48 hours. Based on the results, LOEC and LCso of EM-PSS were determined as 125 ppm for
mudfish in juvenile stage. (B) Steady death of immature mudfish occurred only in 250 ppm of EM-PSS within 24 hours. Based on the
results, LOEC and LCso of EM-PSS were determined as 125 and 250 ppm, respectively, for mudfish in immature stage.
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Spleen
.‘ L\'; asaev

Control
(0 ppm)

25 ppm

50 ppm

100 ppm |

Fig. 2. Pathological evaluation measured the acute toxicity of
0 (control), 25, 50, and 100-ppm EM-PSS, after 5 days
post exposure. The gill, liver, and spleen of mud fish were
stained with hematoxylin and eosin. There were no specific
pathological findings in the rest organisms control and the
rest experimental groups.

I FYANTE BATA @2 H AIY F= o (>100
ppm) 22 AAE AT F, A1F 5= WA 100 ppm ©]312]
sEANAE AH SR A FFol HEHA gt

q 2

debzbolE I WEd EF 22 7|12 95 19309
qHE & F%o HEE FA%s 2542 A= 8t
Agk o] A=l WA X A WH SHo] HuH & FF
HAZ §18f o] 479 AHgol FAEHUT & AFoA=
AAG34=9] Saprolegnia parasitica® 3Gl g A& &
e} o] 7ol A9 HAAS BrFstA ST AR
9] FAFA AN S. parasitica dAHA| 2] 237F0] 50 ppm
e 1 oY FEoA A=At v etz &) 2] o]} |
ool digt MAFF 34 54 APA F dFs=
(NOEC): 100 ppm, HA &8H% (LOEC)= 125 ppm L
23l Bk AR & (LCsoy= A1l A 125 ppm, 1] 4d of ol A
250 ppme 2 SAE T S, EHES o] &3 AT
o A 54 Al@ollAl= 100 ppm ©]51e] FrZoA =1
59 FIA-8N7F YAl gt ZEH R, AARS

£ 50 ppm s A vtz o gt S. parasitica®] TS
WA 8RS B9 ok 2} 100 ppm =714 Bl FtERA] o F4
=4 293 S8R AHEEe UehiAl ot 2=
2 o] a] AN Be ZAE 427 #AdEe AA
st7] flste] EeprholE Od 9 wEd £F 22 A4
2545 dAlste] HARZTE 85 AT & e
o FAHHOE T E ofF AR FAFErE WA
LEA2 AT 5 Q& Aoz 7d g

Al Al

o] =R 20154 FfARY POz G
Hat7le AT AL ALAY (HA S
20150337)2] A YL wro} S3= L.
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